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VEHICULAR PARKING BRAKE APPARATUS AND 
CONTROL METHOD THEREOF 



INCORPORATION BY REFERENCE 
The disclosure of Japanese Patent Application No. 2000-265453 filed on 
5 September 1, 2000, including the specification, drawings and abstract is incorporated 
herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 
1. Field of lavention 

[0001] The invention relates to a vehicular parking brake apparatus. 
10 2. Description of Related Art 

[0002] A vehicular parking brake apparatus is described in Japanese Utility 
Model Application Laid-Open No. HEI 5-44739. Jn the parking brake apparatus 
described in the laid-open application, a parking brake is operated in association with 
an operation of a service brake operating member if a servo device of a service brake 
15 apparatus has failed. Therefore, the short fall in the braking force on wheels can be 
reduced. 

[0003] However, for example, if the vehicle is running on a low-friction 
road, a case may occur in which the braking force becomes excessively great 
compared with the friction coefficient of the road surface. Thus, the slip rate of a 

20 wheel may become excessively great. 

SUMMARY OF THE INVENTION 
[0004] The invention thus overcomes the aforementioned problems. 
Accordingly, the invention reduces or naitigates the drawbacks that can occur when a 
parking brake is operated during the mnning of the vehicle. 

25 [0005] The invention provides for a vehicular parking brake apparatus 

which includes a right-side parking brake and a left-side parking brake that brakes a 
right-side wheel and a left-side wheel, respectively, of at least one group of a fi*ont 
wheel group and a rear wheel group of a vehicle, a drive power source that operates 
the right-side parking brake and the left-side parking brake, and a control unit that 

30 controls the drive power source. The control unit includes an antilock control portion 
that commonly controls an operating force of the right-side parking brake and an 



operating force of the left-side parking brake produced by driving the drive power 
source, based on a state of slip of a wheel of the right-side wheel and the left-side 
wheel that exhibits a greater change in a state of wheel rotation. 

[0006] hi a control method of a vehicular parking brake apparatus, the 
control is performed by obtaining a change in a state of rotation of a wheel of a right- 
side wheel and a left-side wheel; obtaining a state of slip of a wheel of the right-side 
wheel and the left-side wheel that exhibits a greater change in the state of rotation; 
and then commonly controlling an operating force of a right-side parking brake and 
an operating force of a left-side parking brake based on the state of slip of the wheel 
grasped. 

[0007] According to the vehicular parking brake apparatus and the control 
method thereof described above, the antilock braking control is performed in the 
vehicular parking brake apparatus. Normally, the antilock control is performed 
during operation of a service brake. However, in this brake apparatus, the antilock 
control is performed during operation of a parking brake. The parking brake herein 
refers to a brake that is capable of maintaining an operated state even after the 
operating force applied by an operating person discontinues. In the case of a typical 
service brake, the brake force discontinues when the operating force applied by an 
operating person discontinues. Li the case of the parking brake, however, the 
operated state is maintained. During operation of the parking brake, the antilock 
control as mentioned above is performed. During the antilock control, the drive 
power source that operates the right and left-side parking brakes is controlled based 
on the state of slip of one of the right-side wheel and the left-side wheel that exhibits 
a greater change in the state of the wheel rotation. The "greater change in the state of 
the wheel rotation" means, for example, a greater wheel deceleration, a greater 
amount of change in wheel speed within a predetermined time, a greater difference 
(amount of fall) obtained by subtracting the wheel speed from the vehicle body speed, 
etc. B: is usually the case that an antilock control starting condition is met earlier with 
respect to the wheel that exhibits a greater change in the state of wheel rotation. If the 
difference between the wheel speed and the vehicle body speed is great, the quantity 
of slip indicating the state of slip of a wheel, such as the amount of slip, the rate of 
sup, etc., becomes great. If the antilock control starting condition is met with respect 
to the wheel of a greater change in the state of wheel rotation, the antilock control is 
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commonly started for both the right-side wheel and the left-side wheel, ti the 
invention, therefore, it is possible to favorably avoid an event in which the rate of slip 
of the right-side wheel or the left-side wheel becomes excessively great, in 
comparison with a case where the antilock control is performed based on the state of 
5 slip of a wheel that exhibits less change in the state of wheel rotation, a case where 
the antilock control is performed based on the state of slip of a predetermined wheel, 
etc. 

[0008] In the vehicular parking brake apparatus described herein, the 
operating force of the right-side parking brake and the operating force of the left-side 
10 parking brake are conamonly controlled. However, it is not altogether necessary that 
the right and left-side parking brakes have a common drive power source. Even a 
construction in which drive power sources are provided separately for the brakes is 
included within the invention provided that the drive power sources are commonly 
controlled. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The above-mentioned and other objects, features, advantages, 
technical and industrial significance of this invention will be better understood by 
reading the following detailed description of the preferred embodiments of the 
invention, when considered in connection with the accompanying drawings, in 



B 20 which: 

Fig. 1 is a diagram schematically illustrating an overall constmction of a 
vehicular parking brake apparatus in accordance with an embodiment of the 
invention; 

Fig. 2 is a diagram illustrating a relationship between the vehicular parking 
25 brake apparatus and a vehicle body; 

Fig. 3 is a diagram illustrating a drive power source and its surrounding 
portion in the vehicular parking brake apparatus; 

Fig. 4 is a flowchart illustrating a control-object wheel determining program 
stored in a ROM of a control unit of the vehicular parking brake apparatus; 
30 Fig. 5 is a flowchart illustrating a parking brake control program stored in the 

ROM of the control unit; 

Fig. 6 is a flowchart illustrating a portion of the parking brake control 
program; 
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Fig. 7 is a flowchart illustrating a motor control program stored in the ROM of 
the control unit; 

Fig. 8 is a map indicating a duty ratio determining table stored in the ROM of 
the control unit; 

5 Fig. 9 is a map indicating a loosening amount determining table stored in the 

ROM of the control unit; 

Fig. 10 is a diagram indicating an example of a control performed by the 
vehicular parking brake apparatus; and 

Fig. 1 1 is a diagram illustrating a drive power source and its surrounding 
10 portion included in a vehicular parking brake apparatus in accordance with another 
embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0010] In the following description and the accompanying drawings, the 
invention will be described in more detail with reference to exemplary embodiments. 
15 [0011] A parking brake apparatus in accordance with an embodiment of the 

invention will be described hereinafter with reference to the accompanying drawings. 

[0012] Referring to Figs. 1 and 2, wheels 12, 14 are connected to a vehicle 
body 10 via a suspension apparatus 11. The wheels 12, 14 in this embodiment are 
left and right rear wheels. The left and right rear wheels 12, 14 are provided with 
20 brakes 22, 24, respectively. The brakes 22, 24 are connected to a drive power source 
30 via a drive transfer device 26, and are operated by driving the drive power 
source 30. 

[0013] Each of the brakes 22, 24 includes, although not shown, a brake 
rotating body that is rotatable together with the wheel 12, 14, and a friction member 

25 that is retained by a non-rotatable member so that the friction member can be moved 
closer to and away from the brake rotating body. Li each brake, the friction member 
is pressed against the brake rotating body by a drive power of the drive power source 
30 transferred via the drive transfer device 26. In the brakes 22, 24, an operating 
force of a magnitude corresponding to the drive stroke and the drive power applied to 

30 the drive transfer device 26 by the drive power source 30 is produced. 

[0014] In this embodiment, the brakes 22, 24 are dmm brakes. The brake 
rotating member corresponds to a bmke dmm, and the friction member corresponds 
to a pair of shoes each having a lining. The drive transfer device 26 includes a cable 
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32. Due to the tension given to the cable 32 and the tension stroke, the two shoes are 
spread apart from each other, and are pressed against an inner peripheral surface of 
the brake drum. The cable 32 and joints and the like constitute a transfer member 
train. However, in other embodiments, each brake may be a disc brake. 

5 [0015] The drum brakes 22, 24 each have a brake cylinder 33. The two 

shoes of each brake are expanded and are pressed against the inner peripheral surface 
of the brake drum by supplying a high-pressure operating liquid to the brake cylinder 

33. In the embodiment, when an operating force is applied to a brake pedal 34 
provided as a service brake operating member, by an operating person, a liquid 

10 pressure corresponding to the operating force is generated in a master cylinder 36. 

The operating liquid is supplied from the master cylinder 36 to the brake cylinders 33 
via a liquid passage 38, and the drum brakes 22, 24 are thus operated. Then, the 
brakes 22, 24 produce an operating force of a magnitude corresponding to the liquid 
pressure on the brake cylinders 33. The brake cylinders 33, the brake pedal 34, the 

15 master cylinder 36, etc. fonn a service brake apparatus 40. 

[0016] The service brake apparatus 40 may include a liquid pressure control 
valve device that is capable of controlling the liquid pressure on the brake cylinders 
33. Furthermore, the service brake apparatus may include an electric motor, and an 
electric friction brake that is operated by driving the electric motor. 

20 [0017] The drive power source 30 is an electric motor as indicated in Fig. 3. 

The electric motor 30 is capable of tuming in both a forward and a reverse directions. 

[0018] The drive transfer device 26 includes the aforementioned cable 32, 
and a cable input device 46 for applying the drive power of the electric motor 30 to 
the cable 32. The cable input device 46 includes a first gear 48 that is rotatable 

25 integrally with an output shaft of the electric motor 30, a second gear 50 meshed with 
the first gear 48, a worm 54 that is rotated along with a rotation of a rotating shaft 52 
that is rotatable together with the second gear 50, and a worm wheel 56 meshed with 
the worm 54 and engaged with the cable 32. The worm wheel 56 is rotated in either 
the forward or reverse direction by rotation of the electric motor 30, so that the cable 

30 32 is pulled or loosened. If the electric motor 30 is set to a stopped state and the 

worm wheel 56 is set to a stopped state, the cable 32 is also kept in that state. That is, 
the brakes 22, 24 are kept in that state. Thus, the operating force on the brakes 22, 24 
is maintained without electric current being supplied to the electric motor 30. 
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[0019] In Fig. 3, rcference characters 60, 61, 62 represent mounting portions 
(not shown) of the electric motor 30 and the cable input device 46 with respect to a 
vehicle body-side member. 

[0020] The cable input device 46 is a device that applies drive power from 
5 the electric motor 30 to the cable 32 but blocks transfer of force applied from the 

cable 32 to the electric motor 30. Therefore, the electric motor 30 is not turned by a 
force acting on the cable 32. The cable input device 46 may thus be considered a 
reverse transfer blocking device. If the tuming of the electric motor 30 is stopped, the 
state of operation of the cable 32 at that time point can be maintained. Thus, the 
10 cable input device 46 may be considered as a hold device. 

[0021] An equaUzer 64 is provided along the cable 32 as shown in Fig. 1 . 
The drive power applied firom the electric motor 30 to the cable 32 via the cable input 
device 46 is equally transferred to the left and right brakes 22, 24. 

[0022] M this embodiment, a portion that transfers the drive power of the 
15 electric motor 30 to the brake 22 of the drive power transfer apparatus 26, the brake 
22 and the like constitute a left-side parking brake 66, and a portion that transfers the 
drive power of the electric motor 30 to the brake 24 of the drive transfer device 26, 
the brake 24 and the like constitute a right-side parking brake 67. 

[0023] The parking brakes 66, 67 are controlled by a control unit 68. The 
20 control unit 68 is formed mainly by a computer that includes a CPU 70, a ROM 72, a 
RAM 74, an input portion 76, an output portion 78, etc. The input portion 76 is 
connected to a parking switch 84 that commands an operation of the parking brakes 
66, 67, an encoder 86 that detects the rotational angle of the output shaft of the 
electric motor 30, wheel speed sensors 88, 90 that detect the rotating speeds of the 
25 wheels 12, 14, respectively, etc. The encoder 86 is provided for the electric motor 30. 
Based on the rotational angle detected by the encoder 86, the position of the cable 32 
(e.g., the stroke of the brakes 22, 24 ft^om a reference position assumed at the time of 
start of operation) is detected. The count value provided by the encoder 86 is 
increased when the electric motor 30 is turned in the forward direction, and is 
30 decreased when the electric motor 30 is turned in the reverse direction. 

[0024] The output portion 78 is cormected to the electric motor 30 via a 
drive circuit 92. The current supplied to the electric motor 30 is controlled via the 
drive circuit 92. M this embodiment, the revolution direction and the revolution 



speed of the electric motor 30 are controlled via the drive circuit 92. The revolution 
speed is controlled through a control of the duty ratio of the ON and OFF states of a 
switching device that is included in the drive circuit 92. 

[0025] Stored in the ROM 72 are, for example, a parking brake control 
program illustrated by the flowchart of Fig. 5, a control-object wheel determining 
program illustrated by the flowchart of Fig. 4, an electric motor control program 
illustrated by the flowchart of Fig. 7, a duty ratio determining table as indicated by 
the map of Fig. 8, a loosened-time target stroke change amount determining table as 
indicated by the map of Fig. 9, etc. 

[0026] When the parking switch 84 is operated, the electric motor 30 is 
operated in the forward direction. Thus, the cable 32 is pulled to actuate the brakes 
22, 24. Since the equalizer 64 is provided along the cable 32, the drive power of the 
electric motor 30 is distributed equally to the left and right brakes 22, 24. 

[0027] The parking switch 84 is a switch that is tumed on when the vehicle 
is parked. However, in some cases, the parking switch 84 may be operated during the 
running of the vehicle. During the running of the vehicle, the parking brake is 
operated in, for example, a case where if a service brake apparatus has an 
abnormality, the parking brake is operated along with an operation of a service brake 
operating member, that is, the parking brake is operated as an auxiliary brake in 
addition to the service brake, similarly to a conventional vehicular parking brake 
apparatus. Furthermore, there are cases where the parking brake is operated instead 
of the service brake if the service brake apparatus has an abnormality. There are still 
other cases where the parking switch is operated without an operation of the service 
brake operating member during the running of the vehicle, that is, where the parking 
brake is operated without the service brake being operated during the miming of the 
vehicle. In the brake apparatus of the embodiment, if the parking brake is operated as 
in any one of the aforementioned cases, an antilock braking control is performed. 

[0028] If in the aforementioned case, equal drive powers are transferred to 
the left and right brakes 22, 24 (equal operating forces are generated in the brakes 22, 
24), there is an apprehensions that, in one of the wheels 12, 14, the operating force 
may become excessively great with regard to the firiction coefficient of the road 
surface, and the slipping state may become excessive. Therefore, in this embodiment, 
the electric motor 30 is controlled based on the state of slip of one of the wheels 12, 
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14 that exhibits a greater change in the state of rotation. A "greater change in the 
state of rotation" of a wheel means, for example, a greater wheel deceleration, a 
greater amount of change in the wheel speed within a predetermined time, a greater 
difference between the wheel speed and the vehicle body speed, etc. If the difference 
between the wheel speed and the vehicle body speed is great, the quantity of slip that 
indicates the state of slip of a wheel, such as the amount of slip, the rate of slip, etc., 
is great, hi this embodiment, the electric motor 30 is controlled based on one of the 
left and right wheels 12, 14 that exhibits a greater change in the state of rotation, that 
is, a wheel that exhibits a greater rate of slip. That is, the control-object wheel is the 
wheel that exhibits a greater rate of sUp. If an antilock control starting condition is 
met with respect to the control-object wheel, the antilock control is started with 
respect to both the left and right wheels 12, 14. After the antilock control is started, 
the brake operating force applied to the left and right wheels 12, 14 is controlled 
based on the state of slip of the control-object wheel. 

[0029] In the flowchart shown in Fig. 4, in step 1 (hereinafter, simply 
referred to as "SI"; other steps will be sunilarly referred to), it is determined whether 
the vehicle is rurming. If the vehicle is mnning (SI: YES), the process proceeds to 
S2, in which it is determined whether the parking switch 84 is in an ON state. If the 
vehicle is not running (SI : NO), the process jumps to RETURN. If the parking 
switch 84 is in the ON state (S2: YES), the process proceeds to S3, in which the rates 
of slip of the wheels 12, 14 are determined. The rate of sUp can be determined based 
on the wheel speed and the estimated vehicle body speed acquired based on the wheel 
speeds. If the parking switch 84 is not in the ON state (S2: NO), the process jumps to 
RETURN. 

[0030] After the processing of S3, the process proceeds to S4 in which the 
rate of sUp of the left rear wheel 12 and the rate of shp of the right rear wheel 14 are 
compared. That is, it is determined whether the rate of slip of the right rear wheel 14 
is greater than the rate of slip of the left rear wheel 12. If the rate of slip of the right 
rear wheel 14 is greater (S4: YES), the process proceeds to S5 where the control- 
object wheel is set to the right rear wheel 14. If the rate of shp of the left rear wheel 
12 is greater (S4: NO), the process proceeds to S6 where the control-object wheel is 
set to the left rear wheel 12. This program is usually operated at every predetermined 
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set time. In some cases, the control-object wheel is changed during the antilock 
control. 

[0031] The parking brake control program illustrated by the flowchart of 
Fig. 5 is executed at every predetermined set time. In SIX, it is determined whether 
the parking switch 84 is in an ON state, la S12, it is detemiined whether an antilock 
flag is in a set state. If the parking switch 84 is in the ON state (Sll: YES) and the 
antilock flag is in a reset state (S12: NO), the process proceeds to S13, in which it is 
determined whether an antilock control starting condition is met. If the starting 
condition is met (S13: YES), the antilock flag is set in S14. In this embodiment, the 
antilock control starting condition is met if the wheel deceleration of the control- 
object wheel becomes equal to or greater than a set speed and the rate of slip becomes 
equal to or greater than a set value (i.e., a lower threshold of a set range of the target 
rate of slip in this embodiment). 

[0032] If the antilock flag is set (S12: YES), the process proceeds to S15 
where it is determined whether an antilock control ending condition is met. When the 
processing of S15 is first executed, it is usually the case that the ending condition is 
not met (S15: NO), and the process proceeds to SI 6, in which the antilock braking 
control is performed. The antilock braking control is performed based on the state of 
slip of the control-object wheel. The antilock braking control will be described later. 
The antilock control ending condition is met, for example, if the rate of slip of the 
control-object wheel becomes equal to or less than a set value, or the vehicle speed 
becomes equal to or less than the set value. 

[0033] If the antilock control ending condition is met (S 1 5 : YES), the 
antilock flag is reset in S17, and the flag, the counter and the like used in the antilock 
braking control are reset to initial values in S18. 

[0034] In the antilock braking control, one of an increase mode of increasing 
the operating force of the brakes 22, 24, a decrease mode of decreasing the operating 
force and a hold mode of maintaining the operating force is set based on the rate of 
slip of the control-object wheel. M accordance with the set mode, the electric motor 
30 is controlled through the control of the drive circuit 92. Thus, the rate of slip of 
each wheel 12, 14 is controlled to remain between an upper threshold and a lower 
threshold that are determined based on the target rate of slip. 
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[0035] In the increase mode, the electric motor 30 is turned in the forward 
direction, so that the cable 32 is puUed. The position of the cable 32 assumed at the 
time of start of operation of the brake is defined as a reference position. The stroke 
from the reference position in the pulling direction is defined as a positive stroke. 
The increase mode is also termed "tightening mode" of pulling the cable 32. 

[0036] In the decrease mode, the electric motor 30 is tumed in the reverse 
direction, so that the cable 32 is loosened. The stroke that occurs when the cable 32 
is loosened is defined as a negative stroke. The decrease mode is also termed 
"loosening mode" of loosening the cable 32. 

[0037] In the hold mode, the operation of the electric motor 30 is stopped, 
and the tension appUed to the cable 32 is maintained. 

[0038] In this embodunent, the tightening mode is set at the tune pomt when 
the rate of slip of the control-object wheel changes from an increasing tendency to a 
decreasing tendency. Upon the setting of the tightening mode, the cable 32 is pulled 
in. Then, when the stroke of the cable 32 reaches a target value, the mode is switched 
to the hold mode. 

[0039] The loosening mode is set if the rate of slip of the control-object 
wheel has an increasing tendency, and becomes greater than the upper threshold 
determined based on the target rate of slip. In the loosening mode, the cable 32 is 
loosened. When the stroke reaches a target value, the mode is switched to the hold 
mode. 

[0040] The target value of the stroke may be represented by a value of a 
stroke from the reference position as mentioned above, or the amount of change in 
the position of the cable 32, that is, the amount of change m the stroke thereof, in 
each one of the tightening mode and the loosening mode. The amoimt of change in 
the stroke in the tightening mode may be termed "amount of pull-in". The amount of 
change in the stroke in the loosening mode may be termed "amoimt of loosening". 

[0041] A target value L2* of the stroke in the tightening mode is set to a 
value that is smaller than the stroke LO occurring at the time of the previous setting of 
the loosening mode, by a predetermined decrease amount ALn. The decrease amount 
ALn is a value that is increased with an increase in the number of times n of the 
tightenmg mode. The position (stroke) of the cable 32 at the end of the tightening 
mode is gradually decreased in this embodiment. The decrease amount ALn may also 
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be, for example, a value expressed by (reference decrease amount ALO + kxn). The 
decrease amount ALn may also be a constant value. 

[0042] A target value of the amount of loosening (amount of change in 
stroke) ALl * is determined based on the rate of sHp of the control-object wheel, the 
5 number of times of changing of the set mode, etc. As indicated in Fig. 9, with 

increases in the rate of slip S of the control-object wheel, the amount of loosening is 
increased and the amount of decrease in the operating force is increased. The target 
value of stroke LI * in the loosening mode is (LO - ALl*). 

[0043] Fig. 6 is a flowchart illustrating a portion of the parking brake 

10 control program related to the setting of the tightening mode, the loosening mode and 
the hold mode. First, in S30, it is detemiined whether the tightening mode has been 
set (whether a tightening flag is in a set state). In S3 1, it is determined whether the 
loosening mode has been set (whether a loosening flag is in a set state). In S32, it is 
determined whether the hold mode has been set (whether a hold flag is in a set state). 

15 If none of the tightening mode, the loosening mode and the hold mode has been set, it 
is determined in S33 whether the rate of slip S of the control-object wheel is at least 
an upper threshold Sy. hi S34, it is determined whether the rate of slip S has an 
increasing tendency. 

[0044] If the rate of slip S is less than the upper threshold Su (S33: NO), or 

20 if the rate of slip S does not have an increasing tendency (AS < 0) (834: NO), 

although the rate of slip S is greater than or equal to the upper threshold Su, it is 
determined in S35 whether the rate of slip S has a decreasing tendency. If the rate of 
skip S does not have a decreasing tendency (S35: NO), the process proceeds to S36, 
in which the hold mode is set. When the antilock control has been started, the mte of 

25 slip S has an increasing tendency but is less than the upper threshold Su, and 

therefore, the hold mode is set. That is, the hold flag is set. In this embodiment, 
based on the state of the flag, the electric motor 30 is controlled. 

[0045] Conversely, if it is detennined in S35 that the rate of slip S has a 
decreasing tendency (S35: YES), the process proceeds to S37, in which the tightening 

30 mode is set. That is, the tightening mode is set if the rate of slip S has a decreasing 
tendency, regardless of whether the rate of slip S is greater or smaller than the upper 
threshold Su- 
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[0046] If the rate of slip S is greater than or equal to the upper threshold Su 
(S33: YES) and has an increasing tendency (S34: YES), the process proceeds to S38, 
in which the loosening mode is set. Subsequently in S39, the stroke (position) LO of 
the cable 32 at that time is detected. 
5 [0047] If the hold mode has been set (S32: YES), process proceeds to S40. 

In S40, it is determined whether the rate of slip S has a decreasing tendency. If the 
rate of slip S does not have a decreasing tendency (S40: NO), the process proceeds to 
S41, S42, in which it is determined whether the rate of slip S has exceeded the upper 
threshold Su for the first time. If the rate of slip S has a decreasing tendency 
10 (S40: YES), the tightening mode is set. If the rate of slip S has exceeded the upper 
threshold Su for the first time (S41 : YES), the process proceeds to S42. In S42, it is 
determined whether the previous rate of slip S is less than the upper threshold Su- If 
tfl the previous rate of slip S is less than the upper threshold (S42: YES), the loosening 

fy mode is set. Otherwise, the hold mode is set. 

15 [0048] It is possible to conceive an arrangement in which when the 

ro tightening flag or the loosening flag is set, the hold flag is reset, or an arrangement in 

I which a single flag is switched among a state indicating the tightening mode, a state 

indicating the loosening mode, and a state indicating the hold mode. 
H; [0049] If the loosening mode has been set (S3 1 : YES), die process proceeds 

Q 20 to S43. In S43, it is determined whether the hold mode was previously set. If the 
' " loosening mode has been set for the first time (S43: YES), the previous mode was the 

hold mode. Then, the process proceeds to S44, in which a target stroke LI* is 
determined. In this embodiment, a target loosening amount ALl* is determined 
based on the rate of slip S of the control-object wheel in accordance with the table 
25 indicated in Fig. 9. A value obtained by subtracting the target loosening amount ALl 
* from the stroke LO occurring at the time of detection in S37 is set as a target stroke 
L1*(L0-AL1*). 

[0050] If S43 is executed the next time, the previous mode is not the hold 
mode (S43: NO). Subsequently in S45, it is determined whether the stroke of the 
30 cable 32 has reached the target stroke LI*. Until the target stroke LI* is reached, the 
loosening mode is continued. After the target stroke LI* is reached, the hold flag is 
set in S46. 
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[0051] If the tightening mode has been set (S30: YES), the process proceeds 
to S47, in which it is determined whether the previous mode was the hold mode. If 
the tightening mode has been set for the first time (S47: YES), the process proceeds 
to S48. Subsequently in S48, the number of times of the tightening mode is increased 
5 by "1". In S49, a target stroke L2* is set. In this embodiment, a position obtained by 
loosening, by an amount of ALn, the cable 32 from the stroke LO occurring at the 
time point t3 at which the loosening mode was previously selected is determined as a 
target stroke L2* (LO - ALn). 

[0052] If it is detemiined in S47 that the previous mode was not the hold 

10 mode (S43: NO), the process proceeds to S50, in which it is determined whether the 
target stroke L2* has been reached. If the target stroke L2* is reached (S50: YES), 
the hold mode is set in S51. Until the target stroke L2* is reached, the tightening 
mode is maintained. The electric motor 30 is controlled based on the state of the flag. 
[0053] The motor control program illustrated by the flowchart of Fig. 7 is 

15 executed at every predetermined set time. In S70, it is determined whether the 

parking switch 84 is in the ON state. In S71 to S73, it is determined whether any one 
of the tightening flag, the loosening flag and the hold flag has been set. If none of the 
flags has been set, the process proceeds to S74, in which the duty ratio is set to, for 
example, 100%. Subsequently in S75, the electric motor 30 is controlled to operate 

20 in the forward direction. If the parking switch 84 is operated by an operating person 
while the vehicle is in a stopped state, the parking brake is operated in a normal 
maimer. 

[0054] If the hold flag is in the set state (S73: YES), the operation of the 
electric motor 30 is stopped in S76. If the loosening flag is in the set state 

25 (S72: YES), the electric motor 30 is controlled to operate in the reverse direction in 
S77. The duty ratio set in this case is a predetermined value. The duty ratio may be 
100%, or may be a value less than 100%. If the tightening flag is in the set state, 
(S71 : YES), the duty ratio is determined based on the number of times of the 
tightening mode in accordance with the table as shown in Fig. 8 in S78. 

30 Subsequently in S75, the electric motor 30 is controlled to tum in the forward 
direction in accordance with the duty ratio. 
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[0055] The state of change in the rate of slip S and the state of change in the 
stroke of the cable 32 that occur if the aforementioned control is performed will be 
described with reference to Fig. 10. 

[0056] If at a time tl the parking switch 84 is tumed on, the electric motor 
30 is tumed in the forward direction with a duty ratio of 100%. The reason for 
setting the duty ratio to 100% in this case is that the cable 32 is usually loose at the 
time of start of operation of the brake, and that the duty ratio of 100% will reduce the 
delay in brake application in effect. 

[0057] If at a time t2 the antilock control starting condition is met, the hold 
mode is set. If the hold mode is set, the rate of slip S does not immediately decrease, 
but continues to have an increasing tendency. If at a time t3 the rate of slip S exceeds 
the upper threshold Su, the loosening mode is set. The loosening mode is maintained 
until the stroke of the cable 32 reaches the target stroke LI*. If at a time t4 the target 
stroke LI* is reached, the hold mode is set. At a time t5 when the rate of slip S 
switches from the increasing tendency to a decreasing tendency, the tightening mode 
is set. The tightening mode is maintained until the stroke reaches the target stroke 
L2*. When the target stroke L2* is reached, the mode is set to the hold mode. 

[0058] It is also possible to adopt an arrangement in which if the rate of slip 
S reaches a lower threshold Sl, the hold mode is set. 

[0059] After that, a control similar to that described above is repeatedly 
executed. Through this manner of control, the rate of slip S can be quickly converged 
into a predetermined target range. In a situation where the drive power of the electric 
motor 30 is transferred to the brakes 22, 24 via the cable 32, the drive power of the 
electric motor 30 is not immediately transferred to the brakes 22, 24, but is 
transferred with a delay. Therefore, through a control taking the delay into account, 
the overshoot of the rate of slip S can be reduced. The rate of slip S of the wheels 12, 
14 can be quickly converged into the target range by an arrangement as in the 
embodiment in which the amount of tightening and the amount of loosening are 
reduced as the state of slip of a wheel becomes stable, or an arrangement in which the 
timing of setting the tightening mode is advanced to a timing at which the rate of sKp 
S comes to have a decreasing tendency before the rate of slip S decreases to or below 
the upper threshold Su, or an arrangement in which the speed of pulling in the cable 
32 is reduced as the state of slip becomes stable, etc. 
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[0060] In the forgoing embodiment, the duty ratio at the time of the setting 
of the tightening mode is reduced with increases in the number of times of the 
tightening mode. However, it is also possible to adopt an arrangement in which the 
duty ratio is increased if the loosening mode is not set during the previous cycle, that 

5 is, if the tightening mode is followed by the hold mode and the mode is then set to the 
tightening mode without being set to the loosening mode. It is also possible to adopt 
an arrangement in which the target stroke in the loosening mode is set to an increased 
value if the rate of slip S does not decrease below the lower threshold Sl during the 
tightening mode, that is, if while the rate of slip S is maintained at or above the lower 

10 threshold Sl, the hold mode is set, and then the loosening mode is set. With this 

arrangement, the rate of sUp S wiU oscillate between the upper threshold Su and the 
lower threshold Sl. 

[0061] Furthermore, although in the foregoing embodiment, the electric 
motor 30 is controlled based on the stroke of the cable 32, the electric motor 30 may 

15 also be controlled based on the tensile force apphed to the cable 32. The electric 
motor 30 may also be controlled based on both the stroke and the tensile force. In 
that case, the tensile force may be detected by adopting a construction as shown in 
Fig. 11 in which the entire unit of the drive power source 30 and the cable input 
device 46 is rotatably supported around a rotating shaft 100, and by detecting the 

20 force that acts to turn the entire unit of the electric motor 30 and the cable input 
device 46 around the rotating shaft 100, through the use of an operating force 
detecting device 102. 

[0062] Still further, the drive transfer device 26 may be an apparatus that 
includes a connecting link 32' instead of the cable 32. Li the antilock braking control, 

25 the duty ratio may be constant. The duty ratio may also be variable even in the 
tightening mode based on the number of times of the mode or the like. 

[0063] According to the vehicular parking brake apparatus having 
constructions and functions as described above, the antilock braking control is started 
with regard to both the left rear wheel 12 and the right rear wheel 14 if the antilock 

30 control starting condition is met with regard to one of the wheels that exhibits a 

greater change in the state of wheel rotation. During the antilock braking control, the 
drive power source is controlled based on the state of slip of the wheel of a greater 
change in the state of wheel rotation. Since the operating forces of the left and right- 
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side parking brakes 66, 67 are commonly controlled, the above-described parking 
brake apparatus is able to favorably avoid an event in which the rate of slip of the left 
rear wheel 12 or the right rear wheel 14 becomes excessively great, in comparison 
with an apparatus in which the antilock control is performed based on the state of slip 
5 of a wheel that exhibits less change in the state of wheel rotation, an apparatus in 

which the antilock control is performed based on the state of slip of a predetermined 
wheel, etc. 

[0064] In the illustrated embodiment, the controller (the control unit 68) is 
implemented as a progranMned general purpose computer. It will be appreciated by 
10 those skilled in the art that the controller can be implemented using a single special 
purpose integrated circuit (e.g., ASIC) having a main or central processor section for 
_ overall, system-level control, and separate sections dedicated to performing various 

5 different specific computations, functions and other processes under control of the 

5l central processor section. The controller can be a plurality of separate dedicated or 

15 programmable integrated or other electronic circuits or devices (e.g., hardwired 
ffi electronic or logic circuits such as discrete element circuits, or programmable logic 

devices such as PLDs, PLAs, PALs or the like). The controller can be implemented 
^ using a suitably programmed general purpose computer, e.g., a microprocessor, 

microcontroller or other processor device (CPU or MPU), either alone or in 
e 20 coiyunction with one or more peripheral (e.g., integrated circuit) data and signal 

processing devices. In general, any device or assembly of devices on which a finite 
state machine capable of implementing the procedures described herein can be used 
as the controller. A distributed processing architecture can be used for maximum 
data/signal processing capabiUty and speed. 
25 [0065] While the invention has been described with reference to preferred 

embodiments thereof, it is to be understood that the invention is not limited to the 
preferred embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In addition, while the 
various elements of the preferred embodiments are shown in various combinations 
30 and configurations, which are exemplary, other combinations and configurations, 

including more, less or only a single element, are also within the spirit and scope of 
the invention. 



